Conventional microelectrode arrays (MEAs) cannot always access desired neurons due to low electrode density and small electrode number. To overcome this problem, we have proposed and developed a light-addressable planar electrode on a glass substrate. In the present study, we evaluated the photoelectric property of the developed electrode and estimated the spatial resolution of the light-addressed stimulation. Figure 1 illustrates the light-addressed stimulation and simultaneous fluorescence imaging. The electrode has a 3-layer structure, namely a transparent SnO 2 layer, an hydrogenated amorphous silicon (a-Si:H) layer, and a low-conductive passivation layer. Illumination to the a-Si:H layer increases the conductivity of a-Si:H and generates a virtual electrode at the surface of the illuminated site. To prevent the excitation light from interfering with the addressing illumination, the excitation light should be instantaneously shut out during stimulus pulse application.
Illumination with the power of 800 mW/cm 2 increased stimulus intensity by up to 60-fold. This illumination-induced intensity change sufficiently followed fast illumination switching at the frequency of up to 500 Hz. Therefore, we successfully could record post-stimulus fluorescence transients of cells by shutting out the excitation light during 400 ms before and after the stimulus onset. The recording delay by shutting out the excitation light was, thus, 400 ms. Because the stimulus-induced elevation of fluorescence intensity last at least 5 s, this recording delay is negligible. With this experimental setup, we investigated the spatial resolution of the light-addressed stimulation by monitoring stimulus-induced responses of cell aggregations. Because there are few passing neuronal fibers around cell aggregations, the possibility of antidromic excitation can be excluded in probing the spatial resolution. Consequently, as shown in Fig. 2 , we estimated the lateral resolution of the light-addressed stimulation at 10 µm or more with a 70-µm diameter addressing illumination spot. This estimation is consistent with the fact that the DC resistance profile around a φ30-µm illumination spot had 40-µm half maximum-full width. Light-addressed stimulation with Si wafer was reported to have 100-µm spatial resolution because of carrier diffusion in bulk wafer. Our results strongly suggest that a-Si:H thin film can improve the resolution of light-addressed stimulation, as compared with Si wafer. 
